AIMS: Evaluation of the impact strength of maxillary complete dentures fabricated from new type high impact heat-cured acrylic denture base material and comparison with other types of acrylic resin denture base materials. MATERIALS AND METHODS: Three types of materials were used in this study, high impact heat-cured acrylic resin; cross-linked acrylic resin (no cadmium); and conventional heat-cured acrylic resin. Twenty four maxillary complete dentures were fabricated to be tested and divided into three groups. Group 1, Group 2, and Group3 for high impact acrylic resin, cross-linked acrylic resin, and conventional heat-cured resin, respectively. Before testing, all specimens were stored in distilled water at 37ºC for 2 months. The impact strengths (J) of the dentures were measured with a falling-weight impact test. The impact strengths of both groups were compared by a repeated measures analysis of variance (ANOVA) and Duncan's Multiple Analysis Range Test to determine the significant difference among the tested groups at (p<0.001) level of significance. RESULTS: There is a significant difference of the mean values of impact strengths for high impact acrylic resin, cross linked acrylic resin and conventional acrylic resin denture base materials at crack initiation and complete fracture. The impact strength between crack initiation and complete fracture within each group was significantly different (p<0.001) for all the groups, and more energy was needed for complete fracture than that for crack initiation for the high impact strength acrylic resin. CONCLUSIONS: Maxillary complete dentures made from high impact acrylic resin denture base material have significantly higher impact strength than that of maxillary complete denture made from cross-linked and conventional acrylic resin denture base materials. Maxillary complete dentures made from cross-linked acrylic resin denture base material have significantly higher impact strength than that made from conventional acrylic resin denture base materials.
The primary cause of denture break within a few years after fabrication is the impact failure when the denture is accidentally dropped on a hard surface or by fatigue when the denture base deforms repeatedly through occlusal forces (1, 2) . The fracture of dentures may be related to the mechanical properties of the acrylic resin or may be due to multiplicity of factors leading to failure of the denture base material (3) . Impact strength data and fracture characteristics depend upon many factors including material selection, geometry of the specimen, fabrication variables, stress concentrations, position of the specimen, and temperature. Stress concentrations are the main contributors to impact failure in dentures and include notches, scratches, cuts, depressions, sharp corners, holes, grooves, rough surfaces, textured surfaces, sudden changes in thickness, foreign particles, or gas inclusions, the surrounding temperature also effect on the impact strength of a material (4, 5) . One of the method is used to increase the impact strength by the incorporation of a rubber phase in the bead polymer like butadiene-styrene rubber. This modification increases the impact strength, which is accompanied by some increase in transverse deflection (6) . Many researchers have been used glass fibers, metal wires, and metal plates to improve the mechanical properties of acrylic resin, especially fatigue resistance, impact strength, and flexural strength (7) (8) (9) (10) (11) (12) (13) .
For maxillary dentures most fractures are caused by a combination of fatigue and impact, whereas for mandibular dentures 80% of fractures are cause by impact (14) . In most situations, fractures occur in the midline of denture base more often in maxillary dentures than in mandibular dentures. To improve mechanical properties, the chemical composition of a resin can be modified or reinforced with highresistance fibers, thus obtaining a so-called "high-impact" resin (15) .
The aim of this study was to measure the impact strengths of maxillary complete dentures fabricated from new type high impact heat-cured acrylic denture base materials and to compare the results with other types of acrylic resin denture base materials (cross-linked, and conventional heat-cured).
MATERIALS AND METHODS
Twenty four maxillary dentures were fabricated to be tested (eight dentures for each materials). Three types of acrylic resin denture base materials were used in this study (Table 1) , and divided into three groups. Group 1, Group 2,and Group3 for High impact acrylic resin, Cross-linked acrylic resin, and Conventional heat-cured resin, respectively. Identical maxillary casts of edentulous patient were duplicated with a silicon mold. A Record base was fabricated from visible light-cured (VLC) acrylic resin material (Megadent, Germany). A wax occlusal rim (T.P. Regular modeling wax, Major Prodotti Dentari S.P.A, Italy) was adapted on the record base and then the cast with the record base and occlusal rim was mounted on a semi-adjustable articulator. Acrylic resin teeth (Anterior M, A2; Posterior M, A2, Seif, Syrian) were arranged according to the oriented occlusion rim. The surface of the labial and buccal flanges were contoured to reproduce the appearance of natural gingival, then the dentures were flasked. The acrylic resin powder and liquid were mixed according to manufacturer's instruction (powder-liquid ratio 10/21 ml/g by weight ) for high Impact Acryl , (powder-liquid ratio 10/22 ml/g by weight ) for regular conventional heat curing acryl, and (powder-liquid ratio 10/21 ml/g by weight) for cross-linked heat curing resin. Conventional packing and curing were used. The thickness of the dentures (2.5mm) was measured by a digital vernier caliper (LEZACO, ART.2771, China).
Differences in the dimensions were carefully eliminated by trimming the dentures to predetermined dimensions. All dentures were stored in distilled water at 37ºC for two months before testing (16) . Testing was carried out at 23ºC ± 0.5ºC . The testing procedure used in this study was done according to Kim and Watts (16) . The impact test was performed with a specially apparatus designed for this testing consisting of a plastic tube and impactor (Figures 1, 2). The tube, which guided the direction of impactor, had two windows to minimize the resistance between the tube and the impactor. The impactor was made with hard wood and had a hemi-sphere end of radius 50 mm and a mass of 0.876 kg. the testing apparatus was placed on a flat surface. The denture was placed on the small table in the tube (Figure 3 ). The impactor was dropped onto the denture through the tube. When the impactor was released, the starting height was recorded. If the denture was not broken with an initial starting height of 60cm. the test was repeated from the same height until the denture broke. If the denture was still un broken after 40 such repetitions, the height was increased to 80cm. The energy absorbed in cracking and breaking each denture was calculated using the following formula (17) :
Where E= impact strength (impact energy) m= weight of impactor (0.876 kg.) g= acceleration of gravity (9.8 m/ sec 2 ) h= the height in meter from which the impactor was dropped n=number of impacts This formula was used to calculate the impact strength energy (J) through calculate the summation of multiplying the weight of impactor (0.876 kg.) with acceleration of gravity (9.8 m/ sec 2 ) depending on the number of impacts in which the impactor was dropped. Two values of energy were determined for each group. Once was at the crack initiation (energy needed to initiate a crack in denture), and the other was at the complete fracture (energy needed to break the denture completely). After data collection, mean values and standard deviations were calculated and compared by a repeated measures analysis of variance (ANOVA). Duncan's Multiple Range Test was used to determine the significant differences among the tested groups at (p<0.001) level. T-test was used for each group to determine the significant differences between crack initiation and complete fracture energy.
RESULTS
The mean values and standard deviations of impact strengths are shown statistically in (Tables 2,3 ). Duncan's Multiple Analysis Range Tests (at crack initiation and complete fracture energies) showed that high impact acrylic resin showed significantly higher impact strength followed by cross-linked heat-cured, while conventional heat-cured showed significantly lowest impact strength ( Tables 2,3) . Tables (6, 7, 8) showed that the impact strength between crack initiation and complete fracture was significantly difference (p<0.001) for each of the three groups , and more energy was needed for complete fracture than that for crack initiation. 
DISCUSSION
Impact strength is a measure of the energy absorbed by a material when it is broken by a sudden blow. In the fallingweight impact test, the amount of energy required to break the material is determined by the weight of the object and the height from which it was dropped. In this study, the falling weight impact test was designed to simulate clinical conditions with upper dentures of conventional size, as test conditions that closely simulate impact conditions in service are also important to predict failure. The dimensions of the specimens approximated the dimensions of actual prostheses fabricated by the conventional method. Therefore, the results from this test may be more clinically relevant (16) .
Statistically, it was shown that Tables (6) (7) (8) there is significant differences within all groups between crack initiation and complete fracture energy required; this was excepted clinically that many cases of maxillary dentures were subjected to fatigue remain cracked before repairing for a period of time till it fractured completely. Clinical studies have shown midline fracture to be a common problem in upper and lower dentures (18) and this had been shown during testing the upper dentures during the crack initiation and finally complete fracture. The primary cause of this failure, with the exception of accidental damage, is flexural fatigue stress exerted by repeated masticatory forces. A factor that can accelerate the initiation and the propagation of surface cracks is the presence of labial and lingual frenum. The base has to be shaped to accommodate the frenum, and a deep notch can promote stress concentration (18) .
In this study, specimens were conditioned in distilled water for two months to show the effect of immersing the dentures on the impact strength properties . One of the properties of acrylates is water sorption and release, which causes dimensional instability, thus subjecting the material to internal stresses that may result in crack formation and, eventually, fracture of the denture. Water molecules diffused between the macromolecules of the material and thus forced them apart. This behavior affects dimensional behavior and denture stability; therefore, water sorption and solubility of these materials should be as low as possible (19, 20) .
The mechanical properties of the materials in relation to their chemical composition was not analyzed in this study. Most of the heat polymerizable polymers provided in powder and liquid form, classified by ISO in Type 1 Class 1, present similar compositions, the powder contains polymethylmethacrylate in approximately 95%, benzoyl peroxide as initiator (1%) and other additives in the remaining 4% (plasticizer, opacifier and coloring substances); the liquid contains methylmethacrylate and dimethacrylate as cross linking agents in variable ratios, often around 90:10, and other substances in a small percentage (hydroquinone as a reaction inhibitor and others). Various authors have demonstrated the importance of the crosslinking agent on the mechanical properties of the denture base materials in resistance to surface cracking and complete fracture which is much better than the conventional heat-cured acrylic resin material (21) .
From results obtained, a fast polymerization cycle improved the impact strength of high impact , in which both the initial and final temperatures were 100°C. Due to the well known concept that during the exothermic reaction of polymerization, the released heat has to be added to that generated externally, raising the resin temperature. (22) The fast polymerization cycle for heatcured acrylic resin proved to increase the flexural strength, although the manufacturer recommends the use of this cycle only if the thickness of the prosthesis thickness is ≥ 3mm. (23) .
CONCLUSIONS
Maxillary complete dentures made from high impact acrylic resin denture base material have significantly higher impact strength than that of maxillary complete denture made from cross-linked and conventional acrylic resin denture base materials. Maxillary complete dentures made from cross-linked acrylic resin denture base material have significantly higher impact strength than that made from conventional acrylic resin denture base materials.
